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Three procedures have been developed for t h e  synthesis o f  a benzhydrylamine po lymer  for the  preparat ion o f  
C- te rmina l  amide pept ides by solid-phase synthesis. From a common ke to  intermediate,  prepared b y  acylat ion 
of polysterene-1% divinylbenzene wi th benzoyl  chloride, t h e  desired produc t  can  be  obtained direct ly b y  the  
L e u k a r t  reaction, by reduc t ion  o f  a n  ox ime intermediate, or by ammonolysis of the  benzhydry l  b romide in te r -  
mediate.  T h e  appl icat ion of th is  support  t o  t h e  syntheses of the  wide range of pept ide hormones possessing a 
C- te rmina l  amide is  i l l us t ra ted  by t h e  syntheses of TRH, t h e  C- te rmina l  heptapept ide f ragment  of thyrocalc i -  
tonin,  a n d  t h e  endecapeptide, eledoisin. 

The original synthesis of a biologically active peptide 
hormone was that of oxytocin by du  V i g n e a ~ d . ~  Both oxy- 
tocin and antidiuretic hormone are of neurohypophyseal 
origin and are characterized by the presence of the C-ter- 
minal amide group. Recent advances in endocrinology 
have led to the isolation and sequence analysis of a num- 
ber of other peptides which are also characterized by the 
presence of the C-terminal amide group. The presence of 
the masked carboxyl function may serve to protect these 
peptides from degradation by exopeptidases with carboxy- 
peptidase specificity. Examples of such physiologically 
important peptides would be thyrotropin releasing hor- 
mone (TRH) and follicle stimulating hormone-luteinizing 
hormone-releasing hormone (FSH-LH-RH) from the hypo- 
thalamus,6 g a ~ t r i n , ~  cholecystokinin-pancreozymin and 
secretin from the gastrointestinal tract,8 thyrocalcitonin 
from the t h y r ~ i d , ~  and substance P, which was also isolat- 
ed from the hypothalamus.1° 

Concurrent advances in peptide synthesis have seen the 
development of the solid-phase method.ll As originally 
outlined by Merrifieldl2 and most commonly employed, 
the solid-phase method utilizes a polymeric benzyl ester 
for carboxyl protection. Cleavage of this link to the poly- 

meric support by ammonolysis either with NHz-CH30H 
or NH3--dirnethylf0rmamide~~-~~ or with liquid ammo- 
nia16 to give the desired peptide amide has been reported. 
Minor difficulties with the side reaction of transesterifica- 
tion or with hindered release of product have been 
noted.17-20 A more serious consideration is the problem 
of protection of side chain carboxyl groups such as those of 
glutamic or aspartic acid residues. Restriction of side chain 
protection to the labile tert-butyl esters which are resistant 
to ammonolysis imposes concomitant restraints on the 
choice of amino group protection to ones even more labile. 

In order to circumvent these problems when the desired 
product possesses a C-terminal amide function, we have 
conceived of a new type of polymeric carboxyl protecting 
group.z1 In this case, the covalent link to the support is 
through an amide bond between the C-terminal amino 
acid residue and the amine function of the polymer. Se- 
lective cleavage of the bond between the amino group and 
the support allows the peptide to be cleaved with the C- 
terminal amide function intact. The benzhydrylarriine 
(diphenylmethylamine) support is the first of such sup- 
ports which allow the selective placement of the amide 
function, Three methodszz for the preparation of this sup- 
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port are compared and the application of this approach is 
demonstrated by the syntheses of the C-terminal hepta- 
peptide fragment of thyrocalcitonin and of two biological- 
ly active peptides, TRH and eledoisin,23 a hypotensive 
peptide isolated2* from the salivary glands of the mollusk 
Eledone and similar in structure to  substance P. 

Results and Discussion 
Three synthetic routes to the benzhydrylamine support 

are outlined in Figure 1. A common intermediate is the 
phenyl keto derivative of polystyrene-1%-divinylbenzene 
copolymer prepared by Friedel-Craft acylation of the 
polymer with benzoyl chloride. Initial preparation was by 
reduction of the ketone with sodium borohydride or sodi- 
um bis(2-methoxyethoxy)aluminum hydride;25 treatment 
of the resulting carbinol with HBr in methylene chloride 
gave the benzhydryl bromide polymer essentially as out- 
lined by Southard and coworkers.26 The desired amine 
derivative was obtained by treatment with ammonia in 
methylene chloride. The amine content was determined 
by titration as described by D ~ r m a n , ~ ?  by substitution 
with an amino acid and subsequent hydrolysis and amino 
acid analysis, or by the procedure of Esko.28 

A second procedure involved the preparation of an in- 
termediate oxime resin by treatment of the ketone poly- 
mer with hydroxylamine hydrochloride in ethanol-pyri- 
dine. This intermediate was easily converted to the de- 
sired benzhydrylamine support by reduction with sodium 
bis(2-methoxyethoxy)aluminum hydride in benzene or 
with lithium aluminum hydride in ether. 

The third procedurez9 is direct reductive amination by 
the Leukart reaction of the ketone polymer with ammo- 
nium formate and hydrolysis of the formyl derivative to 
give the free amine. While this procedure is the most di- 
rect, it  also has been the most sensitive to reaction condi- 
tions. For this reason, the preparation of the intermediate 
oxime has been favored in our laboratories except when 
the benzhydryl. bromide polymer, which is an intermedi- 
ate in the first scheme, is also desired. 

For any modification of the solid-phase procedure to  be 
useful and to gain acceptance, it should offer advantages 
over existing techniques and be applicable to the wide 
range of biologically active peptides. The amide support 
offers decided advantages over the benzyl ester support in 
the synthesis of C-terminal amide peptides. It allows the 
selective placement of the amide function at the C-termi- 
nal residue in the presence of a side chain carboxyl group 
as has been demonstrated in the synthesis of gastrin tetra- 
peptide.22 The amide bond to the polymer offers the ad- 
vantage of being synthesized under identical conditions 
with those of the subsequent peptide bonds. In other 
words, a particular amino acid polymer does not have to 
be prepared under conditions different, i. e. ,  refluxing eth- 
anol, from those used for the subsequent peptide synthe- 
sis. The presence of excess chloromethyl groups and the 
formation of quaternary amine is also eliminated. Another 
advantage is the elimination of possible side chain alkyla- 
tion by the chloromethyl group of such amino acids as 
methionine and histidine, which has presented difficulties 
in polymer attachment procedures. The stability of the 
amide linkage compared to  the ester bond also offers ad- 
vantages. Loss of the peptide from the support by ester 
hydrolysis during synthesis and by intramolecular aminol- 
ysis30 to give the diketopiperazine when the C-terminal 
amino acid is an N-methyl derivative such as proline 
should be reduced. In addition, removal of the peptide 
from the support is by hydrogen fluoride treatment, which 
removes a wide variety of protecting groups and, in most 
cases, would simplify the synthetic procedure. 

The syntheses of TRH31 and thyrocalcitonin 26-32 dem- 

1 AICI, 

\ 1. HBr 
2. NHI 

I 

Figure 1. Synthesis of benzhydrylamine polymer by three differ- 
ent procedures. 

Table I 
Comparison of the Present  Synthet ic  T R H  to 

Standard T R H  
Na/mouse CPM 

Saline -24 z t  42 
Synthetic TRH 5 . O  214 f 66 

Standard TRH 5 . 0  300 f 72 

onstrate the usefulness of this approach with C-terminal 
proline peptides. An overall yield of 36% of TRH based on 
the original amount of amine on the polymer and a yield 
on cleavage of 88% of the proline originally bound in the 
synthesis of the calcitonin heptapeptide indicate that very 
little, if any, formation of proline diketopiperazine with 
resulting cleavage from the support had occurred. In the 
case of TRH, comparison of the synthetic product pre- 
pared on the polymer with authentic TRH prepared by 
classical solution procedures32 gave identical results on 
thin layer chromatography in five different solvent sys- 
tems and the biological activity (Table I) of the two com- 
pounds is similar. The successful synthesis of the C-termi- 
nal heptapeptide of thyrocalcitonin demonstrates the ap- 
plicability of solid phase, in general, and this approach, in 
particular, to that hormone. 

The synthesis of the endecapeptide, eledoisin,33 demon- 
strates the applicability of this approach to peptides in 
the eledoisin, physaelamin, and substance P34 series. The 
problems of S-alkylation associated with attachment of 
C-terminal methionine to the normal chloromethyl sup- 
port are eliminated with the use of the benzhydrylamine 
support. The chemical properties and biological activity of 
this peptide were also compared with those of an authen- 
tic standard and found to be similar. The synthesis of 
other C-terminal methionine amide peptides isolated from 
amphibian skin such as alytesin, b o m b e ~ i n , ~ ~  and rana- 
t e n ~ i n ~ ~  is also feasible using the benzhydrylamine sup- 
port. In addition, two toxic peptides, apamin3? and melit- 
tin,38 have been isolated from bee venom which contain a 
C-terminal histidine amide and glutamine amide, respec- 
tively. The synthesis of analogs of these compounds 
should also be facilitated by the use of the benzhydryl- 
amine support. 

The question of increased stability of the growing pep- 
tide chain to deprotection has been examined.22 These 
successful syntheses are certainly consistent with this hy- 
pothesis, but do little to  substantiate it. The use of the 
benzhydrylamine polymer in the synthesis of longer pep- 

25 . O  860 f 264 

25 .O 930 f286 
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t ides  should confirm this suggestion. In this connection, it 
is not  necessary to require a C-terminal amide  function 
for t h e  use of this support .  The use of this support  as 
polymeric side chain protectionll  by t h e  attachment of 
either t h e  @-carboxyl of aspar t ic  acid t o  give an asparagine 
derivative or t h e  y-carboxyl of glutamic acid t o  give a glu- 
t amine  derivative would allow elongation at ei ther  t h e  
carboxyl or amino end.  This concept has been amply il- 
l ~ s t r a t e d , ~ ~  but not  yet  utilized for the synthesis of longer 
pept ide chains.  

Experimental Section 
All solvents used were purified according to standard proce- 

d u r e ~ . ~ "  Acid hydrolyses of peptide polymer were performed ac- 
cording to Scotchler, et al 41 Acid hydrolysates of free peptides 
were prepared using 6 N HC1 (110", 16 hr) and the amino acid 
composition was determined with an Auto-Analyzer or a Spinco 
120C. Optical rotations were determined with a Perkin-Elmer 
polarimeter, Model 141, or a Cary 60. Melting points (uncorrect- 
ed) were determined in capillary tubes in a Tottoli melting point 
apparatus (manufactured by Buchi). Thin layer chromatography 
(tlc) was done on silica gel G plates (Analtech) in the following 
systems: (I) methanol-chloroform (60:30); (11) chloroform-metha- 
nol-concentrated ammonia (60:45:20); (111) 1-butanol-ethyl ace- 
tate-acetic acid-water (1:l:l:l); (IV) chloroform-methanol-38% 
acetic acid (60:40:20); (V) 1-butanol-acetic acid-water (4:l : l) .  
The bioassay method for TRH was that described by Bowers and 
 shall^.^^ 

Benzoyl-Polystyrene-1% Divinylbenzene (Keto Polymer). 
Cross-linked polystyrene (l%, 30 g, BioBead SX1) was suspended 
in 200 ml of nitrobenzene containing 10 ml (86 mmol) of benzoyl 
chloride. Anhydrous aluminum chloride (16 g, 160 mmol) was 
added slowly with vigorous stirring. The reaction mixture was 
then refluxed at 90-100" for 24 hr while stirring. The polymer was 
fiitered and washed as follows: nitrobenzene (3 X 100 ml), ethanol 
(3 x 100 ml), ethanol-water (1:1) (3 X 100 ml), ethanol (3 X 100 
ml), CH2C12 (3 X 100 ml). After drying in vacuo, a strong carbon- 
yl absorption at 1670 cm-1 was observed by ir. 
Phenylketoximyl-Polystyrene-1% Divinylbenzene (Oxime 

Polymer). Keto polymer (4 g) was suspended in 40 ml of ethanol 
and 5 ml of pyridine. Hydroxylamine hydrochloride (5 g, 73 
mmol) was added and the mixture was refluxed with stirring for 
24 hr. The polymer was filtered and washed as follows: ethanol (3 
X 50 ml), ethanol-water (1:l) (3 X 50 ml), ethanol (3 X 50 ml), 
CHzClz (3 X 50 ml). After drying in uucuo a t  45", ir (KBr pellet) 
showed absence of the carbonyl absorption at 1670 cm-l. 
Phenylhydroxymethyl-Polystyrene-1% Divinylbenzene (Hy- 

droxy Polymer). To a suspension of keto polymer (12 g) in 100 
ml of 2-(2-ethoxy)ethanol was added 3 g (79 mmol) of NaBH4 
portionwise while stirring at 55". After 4 hr, the mixture was fil- 
tered and washed as described above (see keto polymer) with the 
substitution of 2-(2-ethoxyethoxy)ethanol for nitrobenzene. Ir 
showed the disappearance of the absorption at  1670 cm-1 and the 
appearance of a strong band at 3500 cm-I (OH). 
Phenylbromomethyl-Polystyrene-1% Divinylbenzene (Benz- 

hydryl Bromide Polymer). A suspension of hydroxy polymer (11 
g) in 230 ml of methylene chloride was cooled to 0" and HBr gas 
was bubbled into the mixture for 4 hr. The polymer was allowed 
to warm to room temperature, filtered, and washed with methy- 
lene chloride (3 X 40 ml) and ethanol (3  X 40 ml). An aliquot of 
the polymer was heated in pyridine for 2 hr and the bromine con- 
tent was determined by Volhard titration to be 0.6 mmol/g. 
Phenylaminomethyl-Polystyrene-1% Divinylbenzene (Benz- 

hydrylamine Polymer). A. From the Benzhydryl Bromide 
Polymer. Phenylbromomethyl polymer (10 g) was suspended in 
250 ml of methylene chloride cooled to 0". Ammonia was bubbled 
through this mixture for 8 hr. The reaction mixture was stirred 
for an additional 12  hr at 0". The polymer was then filtered, 
washed, and dried as indicated for the bromo polymer and con- 
tained 0.6 mmol of IYH2/g as the hydrobromide salt. 

B. From the Oxime Polymer. 1. LiAlH4 Reduction. Oxime 
polymer (4 g) was suspended in 30 ml of ether and added to a 
slurry of LiAlH4 (3.79 g) in 300 ml of anhydrous ether. The reac- 
tion mixture was refluxed for 24 hr. Excess LiAlH4 was treated 
with ethanol, then 10% concentrated HC1 was added to dissolve 
the reduction by-product, The polymer was filtered, and washed 
repeatedly with 10% HC1, ethanol (3 X 50 ml), and CHzClz (3 X 
50 ml). The polymer was washed with 10% triethylamine in 
CHC13 to convert the hydrochloride to the free amine. After 
drying, the ir indicated broad absorption at 3500-3100 cm-1 

(amine). A test sample was substituted with Boc-Tyr(Bz1) a t  0.52 
mmol/g. 

2. NaAlHz (OCHzCHzOCH3)z Reduction. Oxime polymer (3 
g, solid) was added to a stirred solution of NaAlHz(0- 
CHzCHzOCH3)z (12 mmol) in 50 ml of benzene at 60". The mix- 
ture was allowed to react overnight, when excess reagent was 
treated with dilute HCl. The polymer was then filtered, and 
washed with benzene (3 X 50 ml), ethanol (3 X 50 ml), H2O (3 X 
50 ml), ethanol (3 X 50 ml), and CHzC12 (3 X 50 ml). The poly- 
mer was washed with 10% triethylamine in CHC13 to convert the 
hydrochloride to the free amine. After drying, the ir and test sub- 
stitution gave identical results with those prepared above. 

C. By Leukart Reduction. Keto polymer (2.0 g) was suspend- 
ed in 20 ml of nitrobenzene. To a three-necked flask fitted with a 
thermometer and reflux condenser containing 8.0 ml (0.2 mol) of 
97% formic acid was added 13.5 ml (0.2 mol) of 28% NH40H. The 
contents were stirred and heated to distil off water until the tem- 
perature of the mixture reached 160". Then the suspension of keto 
polymer in nitrobenzene was added. The reaction mixture was 
stirred for 22 hr a t  160-170". Then 20 ml of concentrated HC1 was 
added to the flask and the mixture was refluxed for 8 hr. The 
mixture was allowed to stand at  room temperature for an addi- 
tional 10 hr; 50 ml of H2O was added; and the polymer product 
was filtered and washed with nitrobenzene (3 X 20 ml), ethanol 
(3 X 20 ml), ethanol-HzO (1:l) (3 X 20 ml), ethanol (3 x 20 ml), 
and CHzClz (3 X 20 ml). The polymer was dried in uucuo a t  45" 
to give 2.23 g of benzhydrylamine polymer as the hydrochloride. 
Treatment with 10% triethylamine in CHC13 gave the free amine. 
Ir indicated loss of the CO absorption (1720 cm-I) and presence 
of the NHz band. A sample was treated with acetic anhydride 
and Et3N and ir showed reappearance of CO absorption. To an- 
other sample, Roc-glycine was added by the normal procedure 
and substitution of 0.41 mmol/g was obtained. 
L-Pyroglutamyl-L-histidyl-L-proline Amide (TRH). Benzhy- 

drylamine polymer (2  g, 0.47 mmol of amine/g of resin) prepared by 
the Leukart method was loaded into the reaction vessel, swollen 
in CHzClz for a few minutes, and washed with CHzClz (3 X 20 
ml). Further steps of peptide synthesis were as follows. (lr Boc- 
L-Pro (2.35 mmol) dissolved in CHZClz was added to the reaction 
vessel and mixed with resin for a few minutes. Then an equimolar 
amount of N,N-dicyclohexylcarbodiimide (DCCI) in CHzClz was 
added and the reaction mixture was maintained for 2 hr. (2) 
Resin was washed with CHzC12 (3 X 20 ml) and then the Boc 
protecting group was removed by 20 ml of 50% (v/v) trifluo- 
roacetic acid in CHzC12 for 1 hr. Deprotection was followed by 
three washings each (20 ml) with CHzClz, 95% (v/v) tert-butyl 
alcohol in CH2C12, and CHzClz. (3) Resin was washed with 
CHCl3 (3 X 20 ml) and then was neutralized by 10% (v/v) trieth- 
ylamine in CHC13 for 10 min followed by washes with CHC13 and 
CHzClz (3 X 20 ml). (4) Boc-Im-DNP-L-His (2.35 mmol) was at-  
tached to the resin as for Boc-Pro and deprotection and neutral- 
ization were carried out the same as in 2 and 3. (5) Neutralization 
after the second addition was followed by washes (3 X 20 ml) 
with CHzClz and DMF. L-Pyroglutamic acid and DCCI (2.35 
mmol) dissolved in DMF were added to the reaction vessel and 
reaction was maintained for 2 hr. The resin was then washed with 
DMF (3 X 20 ml). (6) To remove DNP from the histidine imidaz- 
ole ring, thiophenol (20 molar excess) in DMF was added to the 
reaction vessel and shaken for 1 hr.43 The resin was washed with 
DMF and CHzClz three times, respectively. (7) The final product 
was cleaved from the resin in an apparatus described by Pourchot 
and Johnson44 with HF as described below. After the final wash 
of resin with CHzC12, it was vacuum dried overnight and then 
transferred into a polypropylene reaction vessel for HF cleavage. 
Anisole (3 ml) was added to protect the product. After the reac- 
tion and reservoir vessels were placed on the HF line, nitrogen gas 
was passed through the HF line. HF was distilled into the reser- 
voir vessel (20 ml) and then transferred to the reaction vessel. 
The reaction mixture was stirred for 1 hr a t  room temperature. 
After the reaction was completed, the HF was evaporated from 
the reaction vessel with a stream of nitrogen gas. The cleavage 
mixture was dried completely in vacuo. The crude product was 
then extracted with 1% acetic acid and freeze-dried immediately. 
(8) Purification of the peptide was by means of countercurrent 
distribution (CCD) in 1-butanol-acetic acid-water (4:1:5) with 
200 transfers. After completion of the CCD run, the peptide peaks 
were located by the Pauly reaction. The peak fraction ( K  = 0.10) 
was pooled, the 1-butanol was evaporated in vacuo, and the re- 
maining liquid was lyophilized; 121 mg (36% yield) of white pow- 
der was obtained. The purified compound was homogenous on tlc 
in five different systems: R f  I 0.52, Rf I1 0.69, Rr 111 0.54, Rf IV 
0.56, Rf V 0.21. Standard synthetic TRH supplied by Abbott 
Labs showed identical behavior when compared with the product 
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on tic in the above systems. Amino acid ratios were Glu, 1.0; His, 
1.1; Pro, 1.0. 
Anal. Calcd for CleH2204Ns.CH3C,02H.l%HzO: C, 48.40; H, 

6.5; N, 18.7. Founcl: C, 48.16; H, 6.13; Tu', 18.64. 
Boc-L-prolylbenzhydrylamine Polymer: A solution of 0.9 g (4.2 

mmol) of Boc-L-proline in 5 ml of methylene chloride was added 
to 2 g of benzhydrylamine polymer (prepared from oxime poly- 
mer) suspended in 5 ml of methylene chloride. After 5 min of 
shaking, 0.86 g (4.2 mmol) of DCCI in 2 ml of methylene chloride 
was added and the mixture was shaken for 2 hr. The solvent was 
filtered off and the resin was washed with methylene chloride 
(three times). This coupling was repeated using the same amount 
of Boc-L-proline and of DCCI. The resin was then treated with 
acetic anhydride to mask the remaining amino groups. After 
washing with methylene chloride (three times), ethanol (three 
times), and again with methylene chloride (three times), the resin 
was dried in vacuo, yield 2.14 g. Amino acid analysis of an  acid 
hydrolysate showed the product to contain 0.29 mmol of proline/g 
coupled to the resin. 
Boc-glycyl-~-phenylalanylglycyl-~-prolyl-y-benzyl-~-gluta- 

myl-0-( 2,2,2-trifluoro- 1-benzyloxycarbonyliminoethy1)-L-thre- 
onyl-L-prolylbenzhydrylamine Polymer. The Boc-L-prolyl- 
benzhydrylarnine polymer (1.2 g) was placed in the reaction ves- 
sel. The following cycle of deprotection, neutralization, and cou- 
pling was carried for the introduction of each new residue: (1) 
three washings with 10-ml port,ions of glacial acetic acid; (2) 
cleavage of the Boc group by treatment with 1 N HCl in glacial 
acetic acid (10 ml) for 5 min followed by 10 ml for 30 min; (3) 
three washings with 10-ml portions of glacial acetic acid; (4) three 
washings with 10-ml portions of absolute ethanol; (5) three wash- 
ings with 10-ml portions of methylene chloride; (6) neutralization 
of the hydrochloride with 1 ml of triethylamine in 9 ml of methy- 
lene chloride for 10 min; (7) three washings with 10-ml portions of 
methylene chloride; (8) addition of 1.04 mmol (300% excess) of 
the appropriate Boc-amino acid in 8 ml of methylene chloride and 
mixing for 5 min; (9) addition of 1.04 mmol of DCCI in 2 ml of 
methylene chloride, followed by a reaction period of 3 hr; (10) 
three washings with 10-ml portions of methylene chloride; (11) 
three washings with 10-ml portions of absolute ethanol. 

The polypeptide resin was washed three times with 10-ml por- 
tions of methylene chloride followed by three washings with 10-ml 
portions of  absolu1,e ethanol and dried in vacuo, yield 1.57 g (0.27 
mmol of peptide/g). 

Glycyl-~-phenylalanylglycyl-~-prolyl-~-glutamyl-~-threonyl- 
L-prolinamide (Thyrocalcitonin 26-32). The protected peptide 
resin (1.57 g) was treated with hydrogen fluoride (10 ml) and ex- 
cess anisole (1 ml) and stirred at 0" for 2 hr. The reaction mixture 
was then brought to room temperature and the hydrogen fluoride 
was allowed to evaporate. The crude peptide was separated from 
the resin by repeated washing of the resin with trifluoroacetic 
acid. After evaporation of the combined washings under reduced 
pressure, the residue was treated with dry ether and filtered. The 
precipitate was washed three times with ether and dried in uucuo. 
The yield of the crude heptapeptide amide from the cleavage was 
214 mg (88% on the amount of proline originally bound to the 
resin). 

The crude heptapeptide amide was dissolved in 15 ml of 1 M 
acetic acid and applied to a Sephadex LH-20 column (4.5 X 40 
cm) which had been equilibrated with 1 M acetic acid. The col- 
umn was eluted with the same solvent and 90 fractions of 7.5 ml 
each were collected. The maximum of the desired peptide was in 
tube 44, as shown by measurement of ninhydrin color values of 
the various fractions. The fractions corresponding to this maxi- 
mum were pooled and lyophilized to give 99 mg of white powder. 

This lyophilized material was subjected again to gel filtration 
under the same conditions. The shape of the distribution curve 
suggested that the peptide was homogeneous. The fractions corre- 
sponding to the maximum were combined and lyophilized, yield 
89 mg (36% overall yield). 

In paper chromatography (Whatman No. 4) in the solvent sys- 
tem 1-butanol-acetic acid-water (4:1:1), the peptide showed a 
single spot (Rp 0.32) visible with ninhydrin. In paper electropho- 
resis a t  pH 1.9 in the solvent system formic acid-acetic acid- 
water (15:10:75), it. moved as a spot toward the cathode with mi- 
gration relative to histidine of 0.23 and relative to leucine of 0.37, 
[aI2'D -0.75" (C 1, acetic acid). Amino acid analysis gave Gly, 
1.97; Phe, 1.00; Pro, 2.02; Glu, 1.00; Thr, 0.93. 
Boc-L-methionylbenzhydrylamine Polymer. Benzhydrylamine 

polymer (2 g) was treated with Boc-L-methionine (1.04 g, 4.2 
mmol) and DCCT (0.86 g, 4.2 mmol) as described for Boc-L-prolyl 
benzhydrylamine polymer. Amino acid analysis of an acid hydrol- 

ysate showed the product to contain 0.26 mmol of methionine/g of 
coupled resin. 
Boc-~-pyroglutamyl-~-prolyl-0-(2,2,2-trifluoro-l-benzyloxy- 

carbonylaminoethyl)-~-seryl-~~-benzyloxycarbonyl-~-lysyl-~- 
benzyl-~-aspartyl-~-alanyl-~-phenylalanyl-~-isoleucylglycyl- 
L-leucyl-L-methionylbenzhydrylamine Polymer. The BOC-L- 
methionylbenzhydrylamine polymer (1.5 g) was placed in the 
reaction vessel. The same cycle described for the the synthesis of 
C-terminal heptapeptide of thyrocalcitonin was carried out for 
the introduction of each new residue. 

The fully protected endecapeptide resin weight was 2.12 g (90% 
based on the amount of methionine originally bound to the resin). 
~-Pyroglutamyl-~-prolyl-~-seryl-~-lysyl-~-aspartyl-t-alanyl- 

~-phenylalanyl-~-isoleucylglycyl-~-leucyl-~-methioni~e Amide 
(Eledoisin). Treatment of protected peptide resin (2.12 g) with 
hydrogen fluoride and extraction of the reaction mixture with tri- 
fluoroacetic acid as previously described gave 415 mg of crude 
peptide. 

Crude peptide (200 mg) was purified by passing through a Se- 
phadex LH-20 column (3 X 100 cm) which had been equilibrated 
with 1 M acetic acid. The column was eluted with the same sol- 
vent and 120 fractions of 6 ml each were collected. Eledoisin ap- 
peared to be in fractions 44-52, which were pooled and lyophi- 
lized. A further purification under the same conditions gave 55 
mg of homogeneous product (18.5% yield), mp 230" dec, [ D J ~ ~ D  
-48" (c 2, glacial acetic acid). 

In paper chromatography (Whatman No. 4) in the solvent sys- 
tem 1-butanol-acetic acid-water (4:1:5), the peptide showed a 
single spot (Rf 0.4). In paper electrophoresis a t  pH 1.9 in the sol- 
vent system formic acid-acetic acid-water (15:10:75), it moved as 
a spot toward the cathode with migration relative to histidine of 
0.34 and relative to leucine of 0.50. 

Amino acid analysis gave Lys, 0.88; Asp, 0.93; Ser, 0.97; Glu, 
0.98; Pro, 1.04; Gly, 1.00; Ala, 1.06; Met, 0.99; Ileu, 1.01; Leu, 
1.08; Phe, 1.03. 

The synthetic product showed the same activity as natural ele- 
doisin when tested in rabbit blood pressure and guinea pig ileum 
assays. 

Registry No. TRH, 24305-27-9; thyrocalcitonin 26-32, 42790- 
39-6; eledoisin, 69-25-0. 
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Anthracene a n d  anthraquinone can be converted t o  9,9,10,10-tetradeuterio-9,lO-dihydroanthracene in the 
presence of excess Dz (or DzO), CO, and  cata ly t ic  amounts o f  C O ~ ( C O ) S .  Pyrene also undergoes reduct ion and  
H-D exchange a t  the  4 and  5 positions; phenanthrene fails t o  react. When 1-octene is treated w i t h  CO and  
C O ~ ( C O ) ~  in the presence o f  the tetradeuteriodihydroanthracene, as a deuter ium source, Cs aldehydes, random- 
l y  subst i tu ted w i t h  deuterium, result.  

Both heterogeneous and homogeneous metal catalytic 
systems effect random hydrogen-deuterium exchange be- 
tween water (or DzO) and alkylbenzenes, benzene, and 
polycyclic ar0matics.l-7 Garnett and coworkers have ex- 
tensively studied the homogeneous aqueous system for 
H-D exchange based on PtC142-.2-7 Recently, a homoge- 
neously catalyzed exchange between deuterium gas and 
an aromatic compound has been reported.8 

We wish to report that  C o z ( C 0 ) ~  will catalyze selective 
hydrogen-deuterium addition and exchange involving an- 
thracene (or 9,lO-dihydroanthracene) and anthraquinone 
with either deuterium gas or DzO. To our knowledge, this 
is the first example of an exchange catalyst that  has high 
selectivity for specific hydrogens and that can use either 
Dz or DzO as its isotope source. 

When anthracene is treated with synthesis gas and cat- 
alytic amounts of C O ~ ( C O ) ~ , ~  quantitative yields of 9,10- 
dihydroanthracene are obtained.10 The reduction has now 
been done using DZ or DzO, CO, and Coz(C0)~ .  We find, 
accompanying the reduction of anthracene, exchange a t  
the 9 and 10 positions takes place, resulting in formation 
of 9,9,10,10-tetradeuterio-9,lO-dihydroanthracene (I). The 
same product is formed when anthraquinone is treated 
with Dz or DzO in the presence of 60 and Coz(C0)s. This 
reaction, using successive equilibrations, offers a synthetic 

route to I. By chemical, rather than catalytic, dehydroge- 
nation of I, it  should be possible to prepare anthracene 
isotopically labeled on the 9 and 10 carbon atoms (V). 

Experimental Section 
Mass  spectral analysis was done o n  a Consolidated Elect rody-  

namics Corp. M o d e l  110-B high-resolut ion inst rument .1 l  The  in let  
system was operated a t  160"12 and  10-6 Torr .  It has been shown 
t h a t  deuterat ion does n o t  change the  sensit ivi ty o f  the component 
in the  mass spectrometer.l3 The data therefore are shown as a per 
cent of t o t a l  ionization, wh ich  assumes equal sensit ivi t ies for a l l  
components. 

Nmr spectra were run o n  a Var ian  A-60 spectrometer w i t h  
chemical  shif ts reported in par ts  per m i l l i o n  f rom TMS (6) .  

Reduc t ion -Exchange  of Anth racene  U s i n g  Coz(CO)s,  a n d  D2. 
T o  a 200-ml  rock ing autoclave were added 0.2 g of Co2(CO)8, 2 g 
o f  anthracene, and  30 ml o f  benzene. T h e  system was f lushed sev- 
eral t imes w i t h  CO and  pressured w i t h  a m ix tu re  of Dz (98 a tom 
%) and  CO (see Tab le  I ) .  U p o n  complet ion of t he  reaction, the 
m ix tu re  was ref luxed in air for 8 hr t o  decompose the C02(CO)s 
and  f i l tered, and the solvent was removed. The  product  was re- 
crystal l ized f r o m  ethanol. 

Reduct ion-Exchange of A n t h r a c e n e  U s i n g  Coz(C0)s a n d  
D2O. T o  a 200-ml rock ing autoclave were added 0.2 g of 
C o z ( C 0 ) ~ ,  2 g o f  anthracene, 30 ml of dioxane, and  5 ml of DzO. 
T h e  system was f lushed several t imes w i t h  CO and  pressured t o  
3000 ps i  w i t h  CO. The  work-up of the reaction product  was the 
same as above. 


